Therapeutic targeting of a robust non-oncogene addiction to PRKDC in ATM-defective tumors.
When the integrity of the genome is threatened, cells activate a complex, kinase-based signaling network to arrest the cell cycle, initiate DNA repair, or, if the extent of damage is beyond repair capacity, induce apoptotic cell death. The ATM protein lies at the heart of this signaling network, which is collectively referred to as the DNA damage response (DDR). ATM is involved in numerous DDR-regulated cellular responses-cell cycle arrest, DNA repair, and apoptosis. Disabling mutations in the gene encoding ATM occur frequently in various human tumors, including lung cancer and hematological malignancies. We report that ATM deficiency prevents apoptosis in human and murine cancer cells exposed to genotoxic chemotherapy. Using genetic and pharmacological approaches, we demonstrate in vitro and in vivo that ATM-defective cells display strong non-oncogene addiction to DNA-PKcs (DNA-dependent protein kinase catalytic subunit). Further, this dependence of ATM-defective cells on DNA-PKcs offers a window of opportunity for therapeutic intervention: We show that pharmacological or genetic abrogation of DNA-PKcs in ATM-defective cells leads to the accumulation of DNA double-strand breaks and the subsequent CtBP-interacting protein (CtIP)-dependent generation of large single-stranded DNA (ssDNA) repair intermediates. These ssDNA structures trigger proapoptotic signaling through the RPA/ATRIP/ATR/Chk1/p53/Puma axis, ultimately leading to the apoptotic demise of ATM-defective cells exposed to DNA-PKcs inhibitors. Finally, we demonstrate that DNA-PKcs inhibitors are effective as single agents against ATM-defective lymphomas in vivo. Together, our data implicate DNA-PKcs as a drug target for the treatment of ATM-defective malignancies.